Summary. After by luteal tissue in vitro was highest in zero-weaned sows (P < 0\m=.\05),decreased as lactation progressed and neither LH nor oxytocin had any significant effect. Concentrations of plasma relaxin were all < 0\m=.\2ng/ml in three of the four zero-weaned and Day-4-suckled sows assayed; there was no detectable increase during suckling bouts. It was concluded that during lactation the old corpus luteum of pregnancy is not able to release relaxin in response to suckling in vivo or to oxytocin treatment in vitro.
Introduction
The corpus luteum in pregnant pigs synthesizes large quantities of the peptide hormone relaxin. This is released slowly throughout most of gestation, but concentrations in the peripheral circu¬ lation rise during the last few days of pregnancy, culminating in a marked prepartum surge. This is followed by a precipitous decline, so that, by the onset of delivery, concentrations in the blood are already low (Sherwood et al, 1975; Anderson et al, 1983; Wathes et al, 1989 ). The precise regu¬ lation of release of ovarian relaxin is uncertain, although prostaglandins F-2a (Nara et al, 1982) and E-2 (Taylor & Clark, 1987) as well as luteinizing hormone (LH) (Gordon & Sherwood, 1982) and human chorionic gonadotrophin (Taylor & Clark, 1987) have all been reported to stimulate release of relaxin in vivo and/or in vitro. It has also been suggested that suckling is a stimulus for release of relaxin from the old corpus luteum during lactation (Afele et al, 1979) and that this action may be mediated by oxytocin (Whitely et al, 1985) . However, these studies are in conflict with others that have been unable to demonstrate any effect of oxytocin on release of relaxin either in vivo (Sherwood et al, 1981; Kendall et al, 1983) or in vitro (Taylor & Clark, 1987) .
The removal of piglets from sows at, or within, a few hours of birth (zero-weaning) has been studied primarily with the aim of increasing the productivity of sows by eliminating the lactational period. As the zero-weaned sow is no longer suckled, zero weaning provides the opportunity to study the pattern of release of relaxin in the early post-partum period in the absence of the suckling stimulus and its associated release of oxytocin.
The present study investigated whether suckling and oxytocin are stimuli for release of relaxin in lactating sows and whether the source is the old corpus luteum of pregnancy. (Przala et ai, 1986 Immunohistochemistry. After 1 week in fixative at 4°C, tissues were dehydrated and embedded in Paraplast (Sherwood Medical, St Louis, MO, USA). Tissue sections of 7 pm were mounted on slides coated with chrome alum and gelatin. Sections were immunostained for relaxin using the peroxidase antiperoxidase staining method described by Denning-Kendall et ai (1989) . After dewaxing, rehydration and washing, the sections were incubated for 20 min at room temperature with undiluted normal ovine serum. After removal of excess serum, the sections were incubated with antiserum 1083 (1:500 v/v) diluted in Triton buffer for 1 h at room temperature followed by incubation for 16 h at 4°C in a moist chamber. Incubations with the second antibody (ovine anti-rabbit) at a dilution of 1:15 and rabbit PAP (UCB Bioproducts, Braine L'Alleud, Belgium) at a dilution of 1:100, were for I h each at room temperature. Peroxidase-dependent staining was developed by incubation of slides with 3,3-diaminobenzidine dissolved at 0-5 mg/ml in 0-05 mol Tris/1, pH 7-6, containing 003% (v/v) hydrogen peroxide.
Tissue extraction. The half corpora lutea collected for relaxin measurement from zero-weaned and Day 4 sows were extracted individually, whereas corpora lutea halves from Day 14 and Day 21 sows were pooled for extraction using the method of Walsh & Niall (1980) as described by Denning-Kendall et ai (1989) . The average recovery of relaxin was 76%. All corpora lutea halves were extracted for progesterone content as described by Hunter et ai (1988) .
Radioimmunoassays. Lyophilized extracts of luteal tissue were reconstituted in I ml 005 mol sodium barbitene buffer/1. pH 8-5, containing 0-5% bovine serum albumin and all samples were measured in the same assay for relaxin. The assay for pig relaxin was that described by Taverne et al. (1982) and Evans et al. (1983) and modified by Denning- Kendall el al. (1989) . NIH-RXN-Pl was used as the standard and the tracer was carboxy methyl (CM)-y relaxin which eluted from CM-cellulose at a position close to that of the CM-ß relaxin used by Sherwood & O'Byrne (1974) . It had an activity of 2000-3000 guinea-pig units (G.P.U.)/mg in the mouse pubic symphysis bioassay of Steinetz et ai (1960) . For production of 125I relaxin, 25 µg CM-y relaxin was reacted with 0-75 pg of Bolton & Hunter reagent (Kwok et al., 1976) before iodination with 1 mCi of 125I by the chloramine method. The antiserum used was 1083, which was raised against heterologous CM-a, CM-a' and CM-ß relaxin (Sherwood el ai, 1975) . The sensitivity of the assay was 30 pg/tube, and the intra-assay coefficient of variation was 7-6%. All values are given as µg equivalents of NIH-RXN-Pl pig relaxin standard. Plasma and media samples were assayed for relaxin as described above, standards containing either 100 µ of prepubertal porcine serum or 100 µ media. The sensitivity of these assays was 16 pg/tube and inter-and intra-assay coefficients of variation were 14-4 and 4-3%, respectively.
Progesterone concentrations in media and ethanolic tissue extracts were measured directly using the method described by Hunter el ai (1988) . Sensitivity of these assays was 0-32 ng/ml and inter-and intra-assay coefficients of variation were 19 and 13%, respectively, for the media samples and 13 and 12%, respectively, for the tissue extracts.
Statistical analyses. Overall, LH and oxytocin had no significant effect on the secretion of either progesterone or relaxin when groups of sows were considered together or separately (Fig. 1) . Luteal tissue from zero-weaned sows on Day 4 secreted significantly more progesterone (P < 0001) and relaxin (P < 005) in vitro than tissue from nursing sows on the same day. Relaxin concentrations in media after incubation of tissue for Day 21 sows were <0-2 ng/mg/h.
Immunohistochemistry
There was some immunoreactivity in corpora lutea recovered from sows on Day 4 and this appeared to be more intense in the zero-weaned sow (Fig. 2b,c) 
Plasma relaxin
In three of the four zero-weaned sows from which blood samples were assayed, the concen¬ trations of plasma relaxin were all < 0-2 ng/ml (n = 33 samples per sow). In the fourth animal, concentrations were above detection, but had a maximum value of only 0-33 ng/ml. Of the four suckled animals from which Day 4 samples were assayed, three had <0-2ng relaxin/ml. In the fourth animal, occasional samples were above the limit of sensitivity, with values of 0-22 ng/ml; all the samples obtained from this animal during two suckling bouts were <0-2 ng/ml except for two samples that had values of 0-22 and 0-24 ng/ml. Since (Rao & Edgerton, 1984; Hunter & Wiesak, 1990 (Bagnell et al, 1990) . In the present study, concentrations of plasma relaxin were virtually undetectable even at Day 4 and showed no increase during suckling. It is unlikely that inappropriate sampling could account for this, as sampling frequency was increased to every 30 s during suckling and several of the sows were sampled during more than one suckling period. The sows in this study were accustomed to continuous frequent sampling by the time samples were drawn for relaxin analysis on Day 4, and stress-induced inhibition of milk ejection was unlikely. Although precise grunting patterns were not recorded and (for reasons of the blood volume required at 30 s intervals) changes in plasma oxytocin were not monitored, the pattern of piglet behaviour (intense nuzzling followed by intensive suckling as milk let-down occurred) indicated successful milk-ejection during sampling. Similarly, the sensitivity of the assay was well below the peak concentrations reported by Afele et al. (1979) and Whitely et al (1985) . The pattern of relaxin release in these two papers is also unlikely, as the majority of peaks apparently lasted less than 1 min, reaching values well above baseline, but the half-life of relaxin in blood has been estimated at 20 min (Sherwood et al, 1980) . Both Sherwood et al. (1981) and Kendall et al. (1983) were also unable to confirm a relaxin response to suckling.
The advantage of the present study over those described above is that both an in-vivo and invitro approach were used in the same animals. Thus, as well as the finding that relaxin in plasma was low, it was also demonstrated that the luteal content and secretion during incubation was barely detectable, particularly after Day 4. It is difficult, therefore, to explain the observations of Whitely et al (1985) of concentrations of plasma relaxin of up to 8 ng/ml in response to suckling on Days 26 and 33 of lactation. The in-vitro results were consistent in indicating that the corpora lutea at this time would contain no immunoreactive cells and undetectable concentrations of relaxin (<30ng in total). Furthermore, the histological appearance of the corpora lutea and the lack of measurable progesterone secretion at Day 21 confirmed that they were in an advanced state of regression both structurally and functionally. It has also been reported that relaxin occurs in the theca tissue of ovarian follicles (Evans et al., 1983; Bagnell et al, 1987) The finding that the corpora lutea recovered from zero-weaned sows were significantly heavier and contained and secreted more progesterone than those from Day 4 suckled sows is of interest. The tissue from both groups of sows was recovered 4 days after parturition, and so variation in age cannot account for these differences. Zero weaning of sows has been reported to result in an apparently normal oestrus and ovulation within 2 weeks of delivery or in the development of ovarian cysts and prolonged oestrus (Peters et al, 1969; Kunavongkrit et al, 1983) . More recently, it has been shown that follicular development was enhanced in zero-weaned, compared with suckling sows, and that this was due to the release of low concentrations of LH in an episodic manner, which was subsequently inhibited in the other sows by suckling (De Rensis, 1989) . It is possible, therefore, that these episodes of LH were also sufficient to maintain the corpora lutea partially in the zero-weaned sows. Also, exogenous oxytocin has been shown to inhibit progester¬ one secretion by porcine luteal cells from cyclic animals (Przala et al, 1986) , which would affect the suckled sows rather than the zero-weaned sows. In the present study, no significant effect of oxy¬ tocin in vitro was determined, but this is likely to have been due to the regressive nature of the tissue which was incubated.
The results show that relaxin concentrations were very low during established lactation and were not stimulated by suckling in vivo or exogenous oxytocin in vitro. Furthermore, the corpora lutea recovered from zero-weaned and lactating sows showed no immunoreactivity and negligible concentration of relaxin or progesterone in the tissues, and had the appearance and function typical of regressing tissue. Therefore, it is concluded that during lactation the old corpus luteum of preg¬ nancy is not capable of releasing relaxin in response to suckling in vivo or to oxytocin treatment in vitro. 
